
International Journal of Current Research and Techniques (IJCRT) 

Volume 16, Issue 1, 2026; DOI: 10.5281/ZENODO.19023091 

Original Research Article 

 

Paper ID: IJCRT202600182 www.ijcrt.org.in 51144 

Research on Splicing Technology of Expressway Reconstruction and 

Expansion Based on Finite Element Method  

Haoran Gu, School of Civil Engineering, Guangzhou University, Guangzhou 510006, China. 

Wenke Huang *, School of Civil Engineering, Guangzhou University, Guangzhou 510006, China. 

*Corresponding Author: Wenke Huang (W.H) 

Manuscript Received: Mar 09, 2026; Revised: Mar 15, 2026; Published: Mar 15, 2026 

Abstract: To address the mechanical performance issues of the splicing structure between new and old pavements in 

expressway reconstruction and expansion projects, this study employed ABAQUS software based on the three-

dimensional continuum finite element method to systematically analyze the effects of load magnitude, layer modulus, 

and number of steps on the interlayer stress of the spliced pavement. The research findings can provide theoretical basis 

for the splicing design and construction control of highway widening and reconstruction projects. 
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1. Introduction 

As the core backbone of the comprehensive transportation system, expressways play an irreplaceable strategic role 

in promoting coordinated regional economic development and improving logistics and transportation efficiency[1], [2]. 

With the gradual improvement of China's expressway network, early-constructed expressways generally face issues 

such as saturated traffic capacity and declining service levels[3]. Consequently, reconstruction and expansion have 

become important technical means for enhancing highway performance[4]. However, in expansion projects, the splicing 

area between new and old pavements is prone to induce distresses such as reflective cracking, interlayer slippage, and 

differential settlement due to structural discontinuity, and uncoordinated settlement deformation, which severely 

compromise pavement performance and traffic safety[5], [6], [7] . 

Mechanical performance analysis of the splicing structure between new and old pavements is critical for 

optimizing design and preventing distresses[8], [9]. ABAQUS, with its capability to simulate material nonlinearity, 

geometric discontinuity, and multi-condition loading scenarios, serves as an important tool for structural mechanical 

analysis[10], [11]. A certain expressway section in Guangdong Province has been in operation for over ten years, 

originally designed as a four-lane dual carriageway. Due to year-by-year increases in traffic volume, this expressway is 

now operating under overload conditions, and an expansion project to upgrade it to an eight-lane dual carriageway is 

planned. Based on this context, this study takes a certain expressway reconstruction and expansion project as the 

research object, establishes a finite element model using ABAQUS, investigates the influence patterns of load position, 

load level, material modulus, and the number of steps on the mechanical performance of the spliced pavement, 

determines the most unfavorable load condition, evaluates the numerical values of mechanical indicators at each layer 

interface, and proposes optimization design recommendations. The findings aim to provide theoretical reference for the 

splicing structure design and construction quality control of expressway reconstruction and expansion projects[12], [13]. 

2. Development of Pavement Model 

2.1. Model Parameters 

The pavement structure of a certain expressway reconstruction and expansion project is shown in Figure 1 (with a 

total lapping width of 1.5 m). Based on the pavement structure of the subgrade section, a finite element model was 

established as illustrated in Figure 1. To simplify the calculation, several assumptions were made as follows: 

(1) Each structural layer is continuous, perfectly elastic, homogeneous, and isotropic. 

(2) Model dimensions: 15 m (cross-section) ×12 m (driving direction) ×5.26 m (total thickness); 

(3) Constraint settings: Complete fixation applied to the bottom of the subgrade, the side surfaces are constrained 

only for horizontal displacement perpendicular to the surface, and the top surface is unconstrained. 
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(4) The tire-pavement contact area is idealized as a rectangle of 16 cm×22 cm, with a dual-wheel center spacing of 

32 cm. The load magnitude is 0.7 MPa, and the right edge of the load in the vertical direction coincides with the contact 

surface between the new and old subgrades; 

(5) Interface bonding condition between new and old pavements: complete contactt 

Each structural layer was discretized using 3D solid elements (C3D8R solid reduced integration elements). Free 

meshing was adopted for the mesh density. The model contains 344,885 elements and 381,699 nodes. The material 

parameters are listed in Table 1 
Table 1. Material Parameters 

Pavement Structure Elastic Modulus（MPa） Poisson's Ratio 

SMA-13 12000 0.25 

GAC-20 12000 0.25 

ATB-25 11000 0.25 

Cement-Stabilized 

Macadam 

22000 0.25 

Graded Crushed Stone 400 0.35 

AC-13 12850 0.25 

AC-20 12850 0.25 

AC-25 12850 0.25 

Aged Cement-Stabilized 

Macadam 

9250 0.25 

Old Subgrade 125 0.35 

New Subgrade 60 0.35 

 

 

 

 

(a)Schematic Diagram of Pavement Structure 

Combination 
(b) Finite Element Model of Pavement Structure 

  
(c)Mesh Generation (d)Boundary Conditions and Loading 

Figure 1. Schematic diagram of pavement structure 
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2.2. Feasibility Verification 

The rationality of the established pavement structure finite element model was verified by comparing the 

calculated surface deflection of the model with the measured surface deflection[14]. The calculated vertical surface 

deflection was 5.16 (0.01 mm), which is close to the average measured deflection value of 5.59 (0.01 mm) at the center 

point of the FWD falling weight, proving the rationality of the established pavement structure finite element model. 

3. Analysis of Factor Effects on Stress Characteristics of Pavement Splicing Structure Layers 

3.1. Analysis of Different Load Effects 

Vehicle overloading has long been one of the primary causes of highway damage in China[15]. In recent years, due 

to intensified crackdown efforts on overloading, the phenomenon has improved to some extent[16], [17]; however, it 

remains widespread.herefore, Therefore, the impact of overloading on the widened pavement structure is a key research 

focus[18].The present study investigates the impact of load level variation on pavement structural behavior [19], with 

four load magnitudes considered: 0.7 MPa, 1.0 MPa, 1.2 MPa, and 1.5 MPa. The load positions are illustrated in Figure 

2. 

The asphalt layer stress and strain responses under the four load levels are illustrated in Figure 3. As evident from 

the figure, both stress and strain increase linearly with increasing load. When the load reaches 1.5 MPa, the calculated 

values are 2.14 times those under the standard load of 0.7 MPa. Similarly, with increasing load, various stresses and 

strains in the base layer (Figure 4) also increase linearly. When the load reaches 1.5 MPa, their calculated values are also 

2.14 times those under the standard load of 0.7 MPa. 

Excessive load levels may lead to structural damage of the spliced pavement. Since all analysis indicators of the 

pavement structure vary linearly with increasing load, when the load reaches 1.2 MPa, the asphalt surface layer reaches 

its tensile strength limit,furthermore, the shear stress within the asphalt layer approaches its shear strength limit under 

elevated load levels. Consequently, the contact pressure of passing vehicles should be strictly limited to 1.2 MPa to 

prevent premature pavement distress induced by heavy overloads. 

 

Figure 2. Load Position 
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(a)Surface deflection (b)Tensile stress at the bottom of asphalt layer 

  

(c) Tensile strain at the bottom of asphalt layer (d)Shear stress in asphalt layer   

Figure 3. Stress and Strain of Asphalt Layer under Different Conditions 

  

(a)Maximum tensile stress at the base bottom (b)Maximum tensile strain at the base bottom 

  

(c)Maximum tensile stress at the base step (d)Maximum shear stress at the base step 

Figure 4. Stress and Strain of Base Layer under Different Conditions 

3.2. Analysis of Modulus Effects 

The modulus difference between new and old pavements is also one of the key causes of distress in reconstructed 

and expanded roads, significantly affecting the structural stress, deformation coordination, and long-term service 

performance of the pavement[20], [21].This study investigated the effects of modulus variation in the new asphalt 

surface layer, new base layer, and cement-stabilized crushed stone base on pavement structural response through 

parametric analyses involving reduction of the new surface and base layer moduli to 0.7 times their baseline values, 

reduction of the old surface and base layer moduli to 0.7 times their baseline values, increase of the new surface and 

base layer moduli by factors of 1.3, 1.5, 2.0, and 3.0, and reduction of the subgrade modulus to 20 MPa and 40 MPa from 

a baseline of 60 MPa. The specific modulus adjustment multipliers are summarized in Table 2. 
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Table 2. Modulus multiple 

Pavement 

Structure 

Elastic Modulus（MPa） Pois
son'

s 
Rati

o 

0.7times

(Old） 

0.7times

(new ） 
Base 

1.3times

(new） 

1.5times

(new） 

2times

(new

） 

3times

(new

） 

SMA-13 - 8400 12000 15600 18000 24000 36000 0.25 

GAC-20 - 8400 12000 15600 18000 24000 36000 0.25 

ATB-25 - 7700 11000 14300 16500 22000 33000 0.25 

Cement-

Stabilized 

Macadam 

- 15400 22000 28600 33000 44000 66000 0.25 

Graded 

Crushed 

Stone 

- - 400 - - - - 0.35 

AC-13 8995 - 12850 - - - - 0.25 

AC-20 8995 - 12850 - - - - 0.25 

AC-25 8995 - 12850 - - - - 0.25 

Aged 

Cement-

Stabilized 

Macadam 

6475 - 9250 - - - - 0.25 

Old 

Subgrade 
- - 125 - - - - 0.35 

New 

Subgrade 
- - 60 - - - - 0.35 

（1）Different Modulus Multiples 

The asphalt layer stress-strain responses under varying modulus multiples are presented in Figure 5. Reducing 

new layer moduli to 0.7 times increased surface deflection, asphalt bottom tensile stress, and asphalt bottom tensile 

strain by 17.3%, 6.3%, and 46.2%, respectively, with negligible shear stress variation, indicating compromised deflection 

resistance and fatigue performance. Conversely, modulus increases of 1.3 to 3.0 times significantly reduced surface 

deflection (by 10.6% to 36.5%) and asphalt bottom tensile strain (by 24.3% to 68.4%), while tensile and shear stresses 

remained stable. Thus, moderate modulus enhancement improves deformation resistance and fatigue life. However, 

the beneficial effects gradually diminish once the modulus increase exceeds 1.3 times, indicating that pursuing modulus 

ratios beyond this threshold yields diminishing returns and is not cost-effective. 

Reduction in the moduli of the old surface and base layers induces only minor stress and strain variations in the 

asphalt layer relative to the benchmark scenario, suggesting that modulus degradation of the existing pavement 

structure has limited bearing on the overlying asphalt layer's structural integrity. 
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(a)Surface deflection (b)Tensile stress at the bottom of asphalt layer 

  

(c) Tensile strain at the bottom of asphalt layer (d)Shear stress in asphalt layer 

Figure 5. Stress and Strain of Asphalt Layer under Different Conditions    

The base layer stress and strain distributions under varying modulus multiples are presented in Figure 6. Reducing 

new layers moduli to 0.7 times increases base bottom tensile stress and strain, and base step tensile and shear stress by 

8.7%, 7.9%, 10.1%, and 4.9%, respectively, adversely affecting base layer stress and strain states, with limited influence 

on base step shear stress. 

When the moduli of the new surface and base layers increase, the stress and strain in the base layer exhibit a 

decreasing trend. However, it is noteworthy that when the modulus increases by 1.5 times, the reduction amplitudes of 

stress and strain indicators—such as the maximum tensile stress at the base bottom—remain relatively modest, with 

decreases of merely 10.2%, 9.4%, 12.7%,and 7.6%, respectively. When the modulus increases by 3 times, the calculated 

indicators for the base layer, interface, and subgrade top achieve reduction magnitudes ranging from 25% to 35%. 

Nevertheless, relying on increasing the moduli of the new surface and base layers to enhance deformation resistance 

and fatigue life does not align with economic efficiency. 

Old layer modulus attenuation (to 0.7 times original values) decreased base bottom maximum tensile stress, base 

interface tensile stress, and base bottom maximum tensile strain by 14.6%, 19%, and 6.8%, respectively, beneficially 

alleviating tensile stress concentrations. However, base bottom maximum tensile strain increased by 23.7%, adversely 

affecting base layer fatigue resistance and exacerbating subgrade compressive plastic deformation. 

  



E-ISSN: 2349-3194; P-ISSN: 2348-4446 

Editor: Smith, P www.ijcrt.org.in 51150 

 

  
(a)Maximum tensile stress at the base bottom (b)Maximum tensile strain at the base bottom 

  

(c)Maximum tensile stress at the base step (d)Maximum shear stress at the base step 

Figure 6. Stress and Strain of Base Layer under Different Conditions 

（2）Reducing the modulus of new subgrade 

The calculation results for reducing the modulus of new subgrade to 20 MPa and 40 MPa (with the baseline 

modulus of 60 MPa) are shown in Figures 7, 8. As indicated in the figures, reducing the modulus of new subgrade has 

limited influence on various analysis indicators of the pavement structure. However, it should be noted that a smaller 

modulus of new subgrade implies non-uniform compaction of the subgrade, posing a risk of significant post-

construction settlement. 

 

  

(a)Surface deflection (b)Tensile stress at the bottom of asphalt layer 
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(c) Tensile strain at the bottom of asphalt layer (d)Shear stress in asphalt layer   

Figure 7. Stress and Strain of Asphalt Layer under Different Conditions 

  

(a)Maximum tensile stress at the base bottom (b)Maximum tensile strain at the base bottom 

  

(c)Maximum tensile stress at the base step (d)Maximum shear stress at the base step 

Figure 8. Stress and Strain of Base Layer under Different Conditions 

3.3 Analysis of Step Number Effects 

The lapping step at the longitudinal joint of a spliced pavement creates localized stress concentrations, generating 

excessive tensile strains at the overlay bottom that ultimately initiate premature cracking[22], [23]. This section analyzes 

the influence of five step quantities on the stress and strain distributions within each layer of the pavement structure, 

with the specific step configurations illustrated in Figure 9. The load positions remain consistent with those described 

previously. 
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Figure 9. Configuration of Step Numbers 

The calculated stress and strain results of the asphalt layer under five step configurations are presented in Figure 

10. As shown in the figure, setting steps in the surface layer significantly reduces the stress and strain in the asphalt 

layer. Although setting steps in the base layer is unfavorable to surface deflection, it effectively reduces the tensile strain 

at the bottom of the asphalt layer and the shear stress within the layer. 

  
(a)Surface deflection (b)Tensile stress at the bottom of asphalt layer 

  
(c) Tensile strain at the bottom of asphalt layer (d)Shear stress in asphalt layer   

Figure 10. Surface deflection; tensile stress at the bottom of asphalt layer; tensile strain at the bottom of asphalt layer; shear stress in 

asphalt layer 

The calculation results of stress and strain for each base level under 5 different numbers of steps are shown in 

Figure 11. As illustrated, from the surface layer step perspective, a single step exerts negligible influence compared with 

the no-step case; however, increasing to two steps reduces the maximum tensile stress, tensile strain, and shear stress 

at the base bottom and base step by 22.7%, 24.5%, 27.4%, and 33.7%, respectively. From the base layer step perspective: 
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although step introduction moderately increases the maximum tensile stress and strain at the base bottom and base 

step, the magnitudes remain limited; conversely, increasing base layer step quantities significantly reduces the 

maximum shear stress at the base step. 

  

  
 

Figure 11. Stress and Strain of Base Layer under Different Conditions 

4. Conclusions 

(1) Various analysis indicators of the pavement structure change linearly with increasing load. When the load 

reaches 1.2 MPa, the asphalt surface layer reaches its tensile strength limit, and the shear strength of the asphalt layer 

also approaches its shear strength limit. Therefore, the load of passing vehicles should be strictly limited to 1.2 MPa to 

avoid early damage to the pavement caused by a large number of overloaded vehicles. 

(2) Reducing new layer moduli increases asphalt bottom tensile strain and surface deflection, compromising 

fatigue resistance and ride comfort, with negligible effects on other indicators. Old layer modulus decay reduces base 

bottom and interfacial tensile stresses favorably yet impairs base fatigue resistance and exacerbates subgrade plastic 

deformation. Conversely, increasing new layer moduli effectively mitigates asphalt bottom tensile strain, enhancing 

fatigue resistance. Nevertheless, improving the moduli of the new surface and base layers by more than 1.3 times to 

achieve only marginal improvements in mechanical performance does not satisfy economic efficiency criteria. 

Since setting the number of steps in both the surface layer and base layer to 2 (i.e., total of 4 steps) yields the maximum 

reduction in maximum shear stress at the base step, it is recommended to set 2 steps in the surface layer and 2 steps in 

the base layer, respectively. 
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